Introduction {#Sec1}
============

The study of body composition is increasingly considered as an important aspect for the evaluation of nutritional and metabolic status. As is well known, significant changes in body composition occur with aging and are associated with higher risk of morbidity and mortality^[@CR1]--[@CR3]^. Large absolute differences are known to exist between young and old subjects of similar body size in the individual compartments that compose the fat-free mass (FFM)^[@CR4]^. In addition, the loss of FFM and relatively increased fat mass (FM) with aging has been documented in different clinical settings^[@CR5]--[@CR7]^ and may occur even in healthy elderly adults^[@CR8]^.

The decline of FFM and the related loss of lean tissues occurred with advancing age in elderly men and women, and were associated with physical impairment, termed sarcopenia, even in independently living healthy subjects^[@CR9]^. Moreover, lower levels of physical activity and higher levels of sedentary behavior may lead to the development of sarcopenia obesity also in minority youth^[@CR10]^. In brief, the loss of FFM is closed related to adverse health events such as disability^[@CR11]^, balance disorders and falls^[@CR8]^, hospitalization, and mortality^[@CR12]^. In contrast, an increased FM may result in overweight or obesity, which is a major public health concern. Obesity is most commonly caused by a combination of excessive food intake, lack of physical activity, and genetic susceptibility^[@CR13]^ and is a leading preventable cause of death worldwide, with increasing rates in adults and children. Furthermore, previous studies have showed that obesity increased the likelihood of various diseases and conditions, particularly cardiovascular disease, type 2 diabetes, respiratory problems, certain types of cancer and mortality, especially in adult populations^[@CR14],[@CR15]^. In a word, either the loss of FFM or the gain of FM does harmful to health.

Majorities of cross-sectional and intervention studies have demonstrated the relationships of trunk fat, and limbs fat to cardiovascular disease, insulin resistance, blood lipids and inflammation. However, age and sex-dependent differences in limb FM and FFM in healthy subjects have not been clearly delineated, and results are not consistent across studies. The purposes of our study were to provide reference values for FM and FFM of the lower and upper limbs in Chinese adults, and to investigate regional changes occurring with aging by the latest multifrequency bioelectrical impedance analyzer (BIA) technology.

Results {#Sec2}
=======

Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} show the mean values for the general anthropometric features and the regional body composition characteristics of the sample between 18 and 82 y of age by age group, in men and women respectively. The mean height of subjects was 171.88 ± 6.06 cm in men and 159.78 ± 5.39 in women. Height was significantly lower in subjects older than 60 compared to the youngest in both men and women. The mean weight was 73.92 ± 10.69 in men and 57.68 ± 8.27 in women. Weight was highest in 31 to 40-y-old men and was lower in older age groups, however, it slightly increased with aging in women. BMI was peaked in oldest group for women, while remaining stable in men. Moreover, the prevalence of underweight (BMI \< 18.5 kg/m^2^), overweight (BMI: 25.0--29.9 kg/m^2^) and obesity (BMI ≥ 30 kg/m^2^) were 1.50%, 43.82% and 6.21% in males, and 6.74%, 18.91% and 2.25% in females, respectively (data were not shown).Table 1General anthropometric and body composition characteristics (mean ± SD) by age group in men.Age(year)18--8218--3031--4041--5051--6060+n159550641936122089Height(cm)171.88 ± 6.06173.45 ± 5.76172.42 ± 5.97170.95 ± 5.99170.11 ± 5.94168.58 ± 5.68\*weight(kg)73.92 ± 10.6972.36 ± 11.7175.69 ± 10.9474.60 ± 9.5873.78 ± 9.7171.98 ± 8.50BMI(kg/m2)24.99 ± 3.1624.02 ± 3.4625.42 ± 3.1525.50 ± 2.7625.47 ± 2.7825.32 ± 2.61FM upper (kg)1.24 ± 0.421.13 ± 0.451.28 ± 0.421.27 ± 0.381.33 ± 0.411.37 ± 0.37FM lower (kg)6.19 ± 1.905.91 ± 2.116.49 ± 1.936.26 ± 1.656.21 ± 1.726.04 ± 1.58PBF upper (%)17.32 ± 4.0816.00 ± 4.5017.57 ± 3.8217.65 ± 3.4818.41 ± 3.67\*19.54 ± 3.77\*PBF lower (%)22.45 ± 3.9820.95 ± 4.4022.78 ± 3.7523.09 ± 3.3523.60 ± 3.5223.99 ± 3.51FFM upper (kg)5.79 ± 0.715.74 ± 0.715.85 ± 0.735.84 ± 0.705.77 ± 0.695.58 ± 0.63FFM lower (kg)20.90 ± 2.7321.59 ± 2.7621.49 ± 2.7620.47 ± 2.3619.73 ± 2.4618.81 ± 2.14LMM upper (kg)5.39 ± 0.705.35 ± 0.705.46 ± 0.725.44 ± 0.695.38 ± 0.685.19 ± 0.62LMM lower (kg)19.75 ± 2.5920.40 ± 2.6120.31 ± 2.6219.35 ± 2.2418.63 ± 2.3317.77 ± 2.04All data are presented as mean ± SD. \*Significantly different from age group 18--30.Abbreviations: BMI, body mass index; FM, fat mass; PBF, percent body fat; FFM, fat-free mass; LMM, lean muscle mass.Table 2General anthropometric and body composition characteristics (mean ± SD) by age group in women.Age(year)18--8218--3031--4041--5051--6060+n182468342738324289Height(cm)159.78 ± 5.39161.04 ± 5.35160.18 ± 4.87158.82 ± 5.32158.36 ± 5.29156.22 ± 5.47\*weight(kg)57.68 ± 8.2755.42 ± 8.2557.65 ± 8.0559.76 ± 7.9860.17 ± 7.2859.51 ± 8.60BMI(kg/m2)22.60 ± 3.1121.36 ± 2.9322.46 ± 2.9223.67 ± 2.7824.01 ± 2.8024.41 ± 3.45FM upper (kg)1.49 ± 0.651.28 ± 0.601.44 ± 0.601.66 ± 0.621.73 ± 0.611.89 ± 0.77FM lower (kg)7.16 ± 1.527.01 ± 1.607.17 ± 1.497.36 ± 1.447.25 ± 1.387.15 ± 1.64PBF upper (%)27.95 ± 6.3825.73 ± 6.2427.44 ± 5.8629.61 ± 5.4730.74 ± 5.9932.77 ± 7.21PBF lower (%)33.54 ± 3.7832.04 ± 3.7633.34 ± 3.2734.54 ± 3.1535.46 ± 3.4136.63 ± 4.26FFM upper (kg)3.64 ± 0.483.51 ± 0.453.64 ± 0.463.78 ± 0.523.77 ± 0.443.67 ± 0.49FFM lower (kg)14.04 ± 1.4614.67 ± 1.3014.16 ± 1.2613.81 ± 1.3413.05 ± 1.2012.18 ± 1.39LMM upper (kg)3.43 ± 0.463.30 ± 0.443.43 ± 0.453.57 ± 0.483.56 ± 0.423.46 ± 0.47LMM lower (kg)13.22 ± 1.3513.80 ± 1.2013.34 ± 1.1713.01 ± 1.2412.31 ± 1.1111.50 ± 1.29All data are presented as mean ± SD. \*Significantly different from age group 18--30.Abbreviations: BMI, body mass index; FM, fat mass; PBF, percent body fat; FFM, fat-free mass; LMM, lean muscle mass.

In men, the mean FM and PBF of the upper limbs were significantly higher in age group 60+ compared with youth (from 1.13 ± 0.45 to 1.37 ± 0.37 kg for FM; from 16.00 ± 4.50 to 19.54 ± 3.77 kg for PBF). The FFM and LMM tended to decrease in lower limbs; significant differences were only seen from 60 years old onwards. In women, the mean FM and PBF regionally increased in upper limbs and trunk but not in lower limbs. In addition, FM and PBF in women were constantly higher than in men. FFM and LMM tended to decrease in lower limbs, but not for upper limbs and trunk. In contrast to the FM and PBF, FFM and LMM were higher in men.

Tables [3](#Tab3){ref-type="table"}--[6](#Tab6){ref-type="table"} show the percentiles of the FM (kg) and FFM (kg) in the upper and lower limbs in both men and women. Each table is divided into age- and gender-specific percentile distributions (5th, 10th, 25th, 50th, 75th, 90th, and 95th). Figures [1](#Fig1){ref-type="fig"}--[3](#Fig3){ref-type="fig"} show the trend of the FM, PBF and FFM percentiles for limbs by age group in the two genders.Table 3Percentiles for limb fat mass in kg by age groups in men.Age(year)n5th10th25th50th75th90th95thupper limbs  18+15950.60.811.21.51.82  18--305060.50.60.811.41.72  31--404190.60.811.21.61.82  41--503610.660.811.31.51.741.85  51--602200.80.911.21.61.82.1  60+890.80.941.21.31.51.92.11lower limbs  18+15953.33.94.967.28.69.6  18--305062.983.54.35.77.28.710.02  31--404193.64.15.26.47.68.89.8  41--503613.564.265.26.27.28.38.85  51--602203.94.355.05678.559.5  60+893.794.34.985.96.638.229.41Table 4Percentiles for limb fat mass in kg by age groups in women.Age(year)n5th10th25th50th75th90th95thupper limbs  18+18240.70.811.41.82.32.7  18--306830.60.70.91.21.51.922.4  31--404270.70.811.31.82.22.6  41--503830.811.21.622.52.8  51--602420.811.21.72.12.532.9  60+890.80.91.281.92.32.963.21lower limbs  18+182455.46.177.99.19.9  18--306834.95.266.87.88.89.94  31--404275.15.526.26.989.089.9  41--503835.45.76.47.28.19.410  51--602425.225.56.27.38.19.19.8  60+894.75.045.87.18.139.39.83Table 5Percentiles for limb fat-free mass in kg by age groups in men.Age(year)n5th10th25th50th75th90th95thupper limbs  18+15954.74.95.35.86.26.77  18--305064.74.85.25.76.26.696.9  31--404194.755.45.86.36.87.2  41--503614.755.45.86.36.77.05  51--602204.74.95.35.86.26.657.05  60+894.64.745.185.56.036.36.51lower limbs  18+159516.917.61920.722.524.525.8  18--3050617.4818.319.521.423.325.126.42  31--4041917.7518.519.621.323.125.1626.3  41--5036116.817.561920.521.8323.424.65  51--6022016.116.917.919.721.2522.8524  60+8915.616.2417.318.72021.9822.43Table 6Percentiles for limb fat-free mass in kg by age groups in women.Age(year)n5th10th25th50th75th90th95thupper limbs  18+18242.93.13.33.63.94.34.5  18--306832.833.23.53.784.14.331--404272.93.13.33.63.94.34.5  41--503833.13.23.53.74.14.54.7  51--602423.13.273.53.74.14.34.54  60+893.03.13.33.644.34.42lower limbs  18+182411.7712.213.1141515.916.5  18--3068312.713.113.814.615.416.316.94  31--4042712.1912.613.314.11515.916.4  41--5038311.812.212.913.614.615.716.4  51--6024211.111.512.21313.814.5315.1  60+8910.110.311.1812.213.113.9214.71Figure 1The percentiles for the distribution of FM values for the upper and lower limbs, in both genders. The left curves and right curves are for men and women, respectively.Figure 2The percentiles for the distribution of PBF values for the upper and lower limbs, in both genders. The left curves and right curves are for men and women, respectively.Figure 3The percentiles for the distribution of FFM values for the upper and lower limbs, in both genders. The left curves and right curves are for men and women, respectively.

In both gender, FM remained stable in both upper and lower limbs, although this was not for upper limbs of women. The reference values (25--75th percentile) were 1--1.5 kg for upper limbs and 4.9--7.2 kg for lower limbs and were much the same in all age groups in men. In women, the 25th to 75th percentile values of upper limbs were about 0.9--1.5 kg in the youngest age group and 1.3--2.3 kg in the oldest age group, while 6.2--7.9 kg for lower limbs in all age groups.

Figure [2](#Fig2){ref-type="fig"} shows graphs of the percentiles for the distribution of PBF values for the upper and lower limbs, in both genders. The PBF percentiles were higher in women than in men and increased in all percentiles across age groups. The 25th to 75th percentile range of upper limbs was about 12.9--19.3% in the 18 to 30 year-old age bracket and 17.1--21.8% in the oldest group, while 17.95--24.1% for the youngest and 21.5--26.2% for the oldest for lower limbs in men. In women, PBF of both legs and arms increased with age for the 25th to 95th, while this trend were not apparent in the 5th and 10th after 40 years old. The reference values of upper limbs were 21.8--19.5% and 28.1--37.3% for 18--30 years group and 60+ group, respectively. The reference values of legs for the 18--30 age group were 29.6--34.3%, while for the 60+ age group they were 33.5--39.8%.

The FFM percentiles were lower in women than in men and relatively more stable with aging for upper limbs in both men and women (Fig. [3](#Fig3){ref-type="fig"}). The 25th to 75th percentile range of arms for all subjects was 5.3--6.2 kg in men (Tables [5](#Tab5){ref-type="table"}) and 3.3--3.9 in women (Table [6](#Tab6){ref-type="table"}) and was much the same in all age groups. The FFM of lower limbs decreased in all percentiles with age in both sexes. The 25th to 75th percentile range was about 19.5--23.3 kg for the 18--30 year-olds and 17.3--20 kg for the 60+ year-olds in men, while 13.8--15.4 kg for the youngest and 11.2--13.1 kg for the oldest in women.

Discussion {#Sec3}
==========

Body composition evaluation should be integrated into routine clinical practice for the initial assessment and sequential follow-up of nutritional status^[@CR16]^. Our research provided FM, FFM and PBF percentiles distributed by age and sex-related suitable for use as normal reference values in nutritional assessments and clinical practice. A few significant differences of the parameters were demonstrated among age groups in both men and women.

Analyzing the percentile distribution curves, the FM of either lower or upper limbs showed no significant age-related differences in both men and women. However, PBF tended to increase slightly with age in both genders. This finding may support the results of previous studies, which found that appendicular FM peaked in age group of 60 to 74 years old in healthy adults^[@CR17]^, and a progressive increase of FM% was also observed in patients from 20 to 80 years old^[@CR18]^. In addition, a study by Toomey *et al*.^[@CR19]^ demonstrated that the increased in body weight with aging may due to an increase in FM, not only in the trunk, but in the limbs as well^[@CR18]^. It has been reported that loss of FFM and muscle mass are associated with aging^[@CR20]^; our results consented with this. The older adults studied here lost FFM and muscle mass (data were not shown) with age even though they were healthy. The differences in age-related changes in regional body composition between men and women may affect the sex-based differences in age-related changes in health status.

Regarding limb composition, our study focused on gender-specific differences between upper and lower limbs in the various age groups. Confirming previously reported findings, this study showed that both FM and PBF at the upper and lower limbs increased considerably with advancing age in both men and women, but women seemed to maintain a more stable FM for legs. In addition to progressive increases in fat mass with age, progressive reduction in fat-free mass (FFM) is also noted. The phenomenon may associate with increasing sedentary lifestyle. In adults, several studies have suggested that FM in the lower limbs seems to have a protective effect against insulin resistance and dyslipidemia^[@CR21],[@CR22]^ beyond total fat mass and trunk fat as assessed by dual energy x-ray absorptiometry (DXA)^[@CR20]^. Indeed, some studies have found leg fat mass was an important determinant of cardiometabolic risk after menopause, reducing risk of hyperinsulinemia and insulin resistance, whereas trunk and arms fat was unfavorably associated with increased risk of cardiometabolic health^[@CR23]^. These results suggest that, for a given magnitude of central or whole body adiposity, a larger proportion of leg fat may have a protective effect on cardiometabolic health^[@CR24]^.

This study has some limitations. First, the relatively low number of people old than 60 seems to be an important limitation for the reference values of body composition. In addition, this study is a cross-sectional study, in which the healthy youths may not be healthy in old age. On the other hand, overweight and obesity subjects were regarded as healthy as well; thus, this point deserves special consideration.

In conclusion, the present data provided the reference values of FM and FFM in limbs, enabling the identification of physiological or pathological changes in limb composition for Chinese populations living in the Northwest and future investigation on pathological human conditions and differences between countries.

Methods {#Sec4}
=======

Ethics committee statement {#Sec5}
--------------------------

This cross-sectional study was performed in compliance with the principles of the Declaration of Helsinki of the World Medical Association and obtained the permission from the Ethics Committee of Xizang Minzu University and Northwest University. All of the participants were informed of the cross-sectional study, and informed consent was taken from each participant.

Study design and participants {#Sec6}
-----------------------------

This cross-sectional study was conducted on a sample of apparently healthy Chinese Han adults from Shaanxi Province. All subjects were volunteers, between 18--82 years old, who were recruited by a health management center. Informed consent was taken from each participant. All subjects were living independently and had no known pathologies or physical handicaps. The inclusion criteria were fitness for blood donation. Subjects with acute diseases, severe liver, heart or kidney dysfunctions cancer or other conditions capable of altering body composition were not recruited. The use of certain drugs (steroids, diuretics) was also a reason for exclusion. Furthermore, pregnant women and subjects with surgical hardware, implantable devices were excluded from the study. In the end, 3419 subjects were considered, 1595 of them men and 1824 women.

Assessment of body composition {#Sec7}
------------------------------

Body weight was measured to the nearest 0.1 kg using precision scales (Seca 711, Seca GmBH & Co Kg, Germany) with subjects wearing light clothing and no shoes; height was measured without shoes and recorded to the nearest millimeter using a stadiometer (Seca 711, Seca GmBH & Co Kg, Germany).

Body composition were calculated by a multifrequency bioelectrical impedance analyzer (BIA) (MC-980A; Tanita, Tokyo, Japan). The limb composition given by the machine's software was used for this analysis. The participants were required to fast and avoid vigorous exercise for at least 2 h before BIA assessment. The BIA assessment was performed between 10:00 AM and 4:00 PM. The measurements were recorded by well-trained staff and completed within 30 s.

Statistical analysis {#Sec8}
--------------------

The data obtained from the health management center were stratified into five groups according to age: 18 to 30 years, 31 to 40 years, 41 to 50 years, 51 to 60 years, and older than 60 years. All statistical analyses were performed with SPSS 15.0, and the level of significance was set at p = 0.05. Descriptive characteristics are expressed as mean standard ± deviation (SD). Significance was tested using the chi-square test and ANOVA. Age- and sex-specific percentile distributions of upper and lower limbs were calculated for FFM, FM, and PBF.
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